Rivers transport large amounts of allochthonous organic matter (OM) to the ocean every year, but there are still fundamental gaps in how allochthonous OM is processed in the marine environment. Here, we estimated the relative contribution of allochthonous OM (allochthony) to the biomass of benthic and pelagic consumers in a shallow coastal ecosystem in the northern Baltic Sea. We used deuterium as a tracer of allochthony and assessed both temporal variation (monthly from May to August) and spatial variation (within and outside river plume). We found variability in allochthony in space and time and across species, with overall higher values for zoobenthos (26.2 ± 20.9%) than for zooplankton (0.8 ± 0.3%). Zooplankton allochthony was highest in May and very low during the other months, likely as a result of high inputs of allochthonous OM during the spring flood that fueled the pelagic food chain for a short period. In contrast, zoobenthos allochthony was only lower in June and remained high during the other months. Allochthony of zoobenthos was generally higher close to the river mouth than outside of the river plume, whereas it did not vary spatially for zooplankton. Last, zoobenthos allochthony was higher in deeper than in shallower areas, indicating that allochthonous OM might be more important when autochthonous resources are limited. Our results suggest that climate change predictions of increasing inputs of allochthonous OM to coastal ecosystems may affect basal energy sources supporting coastal food webs.
INTRODUCTION
Climate change, alterations in land use, and reversed acidification lead to increasing inputs of terrestrial organic matter (OM) to inland waters worldwide (Monteith and others 2007; Clark and others 2009) . Large amounts of this allochthonous OM (that is, OM of terrestrial origin) are processed in surface waters (Cole and others 2007; Tranvik and others 2009) , but the remaining fraction eventually drains into the sea. Organic carbon is the major constituent of allochthonous OM, and rivers transport about 0.45 Pg of allochthonous organic carbon to the ocean every year (Cole and others 2007) . However, little of the allochthonous OM appears to persist in the ocean, both in the water column and in sediments (Hedges and others 1997; Opsahl and Benner 1997; Bianchi and Allison 2009) . For decades, studies have aimed to understand the fate of allochthonous OM in marine ecosystems (Hedges and others 1997) . However, to what extent allochthonous OM can support various compartments of marine food webs remains largely unknown (Hedges and others 1997; Dagg and others 2004) .
Estuaries are transition zones between freshwater and marine environments. These ecosystems act as reactors that modify quantities and characteristics of allochthonous OM through several biogeochemical, physical, and biological processes (for example, Dagg and others 2004) . During estuarine transit, some fraction of dissolved and particulate allochthonous OM can be incorporated into estuarine and coastal food webs. Ample studies show that allochthonous organic carbon can support pelagic bacterial production (Albright 1983; ChinLeo and Benner 1992; McCallister and others 2004) . The bacterial biomass supported by allochthonous carbon might further ''subsidize'' zooplankton and fish through incorporation via the microbial food web (Jansson and others 2007) , although some studies suggest that much of the production does not reach higher trophic levels (for example, Cole and others 2006) . Particulate allochthonous OM and aggregates that form from dissolved allochthonous OM (Sholkovitz 1976) sink to the bottom at the freshwater-marine interface and may be utilized by benthic communities (Fockedey and Mees 1999) . Higher trophic levels such as fish often rely to a large extent on benthic resources (Vander Zanden and Vadeboncoeur 2002; Hampton and others 2011) , suggesting the utilization of zoobenthos as an important entry route for allochthonous OM into estuarine and coastal food webs.
Inputs of allochthonous OM to aquatic ecosystems often vary over time and space (Minor and others 2006; Yamashita and others 2011) . Several studies demonstrated that the utilization of allochthonous OM by benthic consumers declined with distance from the freshwater source in coastal ecosystems (Peterson and others 1985; Antonio and others 2010; Careddu and others 2015) . Furthermore, utilization of allochthonous OM might increase with increasing depth (Premke and others 2010) . Such spatial variation in the utilization of allochthonous OM may be caused by shifts in primary carbon sources along environmental gradients, for example by higher availability of allochthonous OM closer to the river mouth than further offshore and by reduced benthic primary production due to decreased light availability with increasing depth (Ask and others 2016) . Similarly, the utilization of allochthonous OM by consumers may vary over time. For instance, Figueroa and others (2016) demonstrated that bacterioplankton production in a subarctic estuary peaked during the spring flood, and Montero and others (2011) suggested that allochthonous OM played an important role for bacterioplankton in winter when autochthonous production was low.
Previous studies evaluating the effect of allochthonous OM on estuarine consumers have investigated benthic and pelagic habitats separately (but see for example, Dunton and others 2006) . There is a lack of studies investigating how allochthonous OM affects both habitats simultaneously and whether patterns in allochthonous OM utilization of benthic and pelagic consumers vary similarly in time and space. This is important as habitats are coupled through several pathways (Schindler and Scheuerell 2002) and fish in particular often integrate benthic and pelagic habitats (Vander Zanden and Vadeboncoeur 2002) . For instance, increasing inputs of allochthonous OM predicted by climate change scenarios have been suggested to decrease production of fish as phytoplankton production decreases (Andersson and others 2015) , although the utilization of zoobenthos might ''compensate'' for potential losses in pelagic production. Here, we investigate the utilization of allochthonous OM of benthic and pelagic consumers in an estuary in the northern Baltic Sea. We hypothesize that allochthonous OM would (1) contribute to a larger extent to zoobenthos than to zooplankton. Moreover, we hypothesize that allochthonous OM utilization of both zoobenthos and zooplankton would (2) vary temporally, showing the largest contribution in the beginning of the growing season, and (3) vary spatially, showing increasing contribution with decreasing distance from the river mouth and with increasing depth. Last, we hypothesize that (4) the contribution of allochthonous OM to fish would vary among species with high contribution to species that spend large periods of time in the estuary and low contribution to species that spend large periods of time offshore.
METHODS

Study Site
The Baltic Sea is a semi-enclosed brackish sea with minimal tidal influence. Our study site was located in the Gulf of Bothnia, the northern part of the Baltic Sea, at the margin between the Bothnian Bay in the north and the Bothnian Sea in the south ( Figure 1A ). In the Bothnian Gulf, as much as 70-92% of the dissolved OM pool might be derived from terrestrial sources (Alling and others 2008). Faunal diversity is generally low in the entire Baltic Sea, and, especially in the north, a major part of the biomass consists of only a few species. During the last decades, the Baltic Sea was subject to several invasions (Olenin and Leppä koski 1999) with some invaders, such as Marenzellaria viridis, successfully establishing in the northern parts. Our study area, the Ö re estuary, is small and shallow (50 km 2 area; 35 m maximum, and 15 m mean depth, respectively) and relatively open toward offshore areas with no marked sill. The Ö re River catchment has an area of 2940 km 2 , which mainly consists of boreal coniferous forest and mires. Spring floods typically occur in April and May and comprise 50-70% of the total yearly runoff (Brydsten and Jansson 1989) , whereas summers are usually characterized by low runoff. The studied estuary is representative for coastal areas in the northern Baltic Sea. This includes for instance similar seasonal variation of phosphorus and nitrogen concentrations, salinity, and Secchi depth (for example, Figueroa and others 2016) .
Sampling
Four stations were sampled monthly from May to August 2015; three along the estuary (hereafter S1, S2, and S3) and one reference station (hereafter S4) north of the river without significant freshwater input ( Figure 1B ). At S1, S3, and S4, we sampled at approximately 1, 3, and 10 m depth. S2 was located at a very exposed, rocky, and steep shore, and therefore we sampled no shallow locations. No samples were taken at S2 in July. At the 10-m locations, we obtained depth profiles of salinity and colored dissolved organic matter (CDOM), using a SEAGUARD CTD (Aanderaa) at each sampling occasion. The CDOM recorded by the SEAGUARD is a qualitative measurement of the ability of dissolved carbon to fluorescence using an excitation wavelength of 350 nm and an emission wavelength of 450 nm and is used here as a proxy for humic substances. In addition, total nitrogen (TN), total phosphorus (TP), dissolved and total organic carbon (DOC and TOC, respectively), and chlorophyll a were taken at 0.5 m depth and at approximately 1 m above the sediment at each sampling occasion using a Ruttner sampler. Nutrient samples were kept cold and dark and were analyzed within 4 h after sampling using a Bran & Luebbe TRAACS 800 auto-analyzer following Grasshof and others (1983) . No nutrient samples were taken in July. Samples for DOC were filtered (0.2 lm). TOC and DOC samples were acidified with 1.2 M HCl and stored in the fridge until further analyses. TOC and DOC were analyzed using a Shimadzu TOC-5000. Chlorophyll a samples were filtered on GF/F filters and frozen until further analyses. Chlorophyll a was extracted in 95% ethanol and measured using a PerkinElmer LS30 fluorometer (433 nm excitation wavelength and 674 nm emission wavelength). Data for water discharge ( Figure 1C) were taken from the Ö re River monitoring station (63.7017N; 19.6037E), available at http:// vattenweb.smhi.se/station/, which is some 30 km upstream.
We collected periphyton from rocks at the shore in May, June, and August (Table S1 ) to derive an autochthonous end-member for d 2 H auto (Karlsson and others 2012) . Zooplankton were sampled monthly by trawling a zooplankton net (100 lm, 50 cm) at approximately 1 m below the surface behind the boat (at 10-m locations). Three trawls were made at each station. Zooplankton were sorted into cladocerans (Bosmina sp., Evadne sp., Daphnia sp.) and into copepods of two size fractions (<and> 200 lm, respectively). The size fraction < 200 lm consisted mostly of nauplii and to some extent rotifers, whereas the size fraction > 200 lm was dominated by calanoid copepods. Additionally, one quantitative zooplankton sample was taken at 10 m at S1, S3, and S4 by vertically hauling a plankton net (30 lm, 25 cm) from 1 m above the sediment to the surface. Zoobenthos were collected monthly at 1, 3, and 10 m at S1, S3, and S4 and at 10 m at S2 with an Ekman grab. At each depth, three grabs were taken. Zoobenthos were stored in GF/F-filtered seawater for gut evacuations for 12-24 h and were then separated and washed with MilliQ water. For chironomids, Marenzellaria, Macoma, and oligochaets, 3-15 individuals were pooled before grinding, whereas Saduria and Corophium were used individually as biomass of these species was generally low. Monoporeia was only common in August; thus, we used single specimen in May, June, and July, but pooled 3-5 individuals in August. Gastropods and bivalves were removed from their shells. We sampled European perch, Perca fluvialitis (n = 20, total length (TL): 162.9 ± 40.0 mm), 9-spined sticklebacks, Pungitius pungitius (n = 27, TL: 48.7 ± 3.5 mm), and 3-spined sticklebacks, Gasterosteus aculeatus (n = 30, TL: 63.4 ± 5.0 mm), as they are common in coastal areas of the Baltic Sea. The latter spends large parts of the year in the pelagic but migrates to coastal areas in spring to spawn (Borg 1985) . Sticklebacks were sampled at S1, S3, and S4 with a beach seine in June, and by hand-netting in August. Perch were sampled in the Ö re estuary in August as part of the monitoring survey of the Umeå Marine Sciences Centre with standardized multi-mesh gillnets. For adult fish, dorsal muscle tissue was used for stable isotope analyses. Young-of-the-year (YOY) sticklebacks (n = 8) were used whole. Water for d 2 H analysis was taken at every sampling occasion (Table S1) , filtered (0.2 lm), and stored in airtight glass bottles without air bubbles until further analyses. All solid samples for isotopic analyses were freeze-dried, homogenized if necessary, and stored frozen until further analyses. We ran three different mixing models. In model 1, we grouped our data based on taxon, that is, independent of sampling date or location (Figure 2) . In model 2, we grouped our data based on taxonomic group (benthos and zooplankton, respectively), sampling date, and sampling station ( Figure 3 ; Table S3 ). We only included the three most common taxa, namely Marenzellaria, Macoma, and chironomids in this analysis. Data from longterm monitoring close to our sampling stations showed that Macoma and Marenzellaria account for more than 85% of the total biomass at all stations (Table S2) . We additionally included chironomids as they were common at the shallower stations. In model 3, we grouped only the most common benthic taxa based on sampling date, sampling station, and sampling depth (Figure 4 ; Table S4 ). Station 2 was excluded from the last model as sampling was only performed at 10 m depth at this station. For most consumers, the resulting proba- bility distributions for allochthonous and autochthonous contributions were precise and not skewed; however, for amphipods and zooplankton, the distributions were skewed toward the autochthonous end-member, likely due to high uncertainty in x. Thus, although the contribution of allochthonous resources to these groups was very low, the absolute values should be interpreted with caution.
Stable Isotope Analyses
Statistical Analyses
Statistical analyses of water chemistry were performed in R 3.2.4 (R Core Team 2016).
RESULTS
Seasonal and Spatial Variation in Water Chemistry
Our first sampling coincided with the peak of the spring flood, where water discharge was on average 4.5 times higher than during late summer (Figure 1C) . Salinity varied between 0.04 and 6.00 PSU at the sampling stations (Tables 1, S5 ). Freshwater inflow was highest at S1 in May but was also high in July and August. During these occasions, a freshwater layer of 1-3 m depth was observed above the brackish water ( Figure S1 ). S2 showed a similar stratification pattern in May. In June, little stratification was observed below 4 m depth, whereas in August, stratification was observed in deeper layers (> 6 m; Figure S1 ). Salinity was strongly correlated with CDOM (r = -0.80, P < 0.001; not shown). CDOM concentrations were highest at S1 (Tables 1, S5 ) and generally followed the patterns of salinity ( Figure S2) .
Overall, nutrient concentrations did not differ between stations in surface or deep-water samples (Table 2) . For surface samples, TOC did not differ between stations, but sampling stations differed in CDOM and marginally in DOC (Table 2) . This was mainly due to higher concentrations at S1 than at S4. Carbon concentrations (TOC, CDOM, and DOC) did not differ in deep-water samples.
Consumer Allochthony
The most prevalent benthic animals were the invasive polychaete Marenzellaria viridis, the clam Macoma balthica, and chironomids (Tables S6). Other common animals were the amphipods Corophium volutator and Monoporeia affinis, the predatory isopod Saduria entomon, oligochaets, and the gastropods Bithynia sp. and Lymnaea sp. Overall, allochthony was higher for zoobenthos (26.2 ± 20.9%) than for zooplankton (0.8 ± 0.3%; Figure 2 ). Among benthic animals, the contribution of allochthonous OM was lowest to Monoporeia and Corophium, whereas Saduria showed the highest allochthony (Figure 2 ). Allochthony in sticklebacks was much lower (11.7 ± 1.6%) than for perch (66.5%; Figure 2) .
Zooplankton biomass was dominated by calanoid copepods, and cladocerans became more abundant . Allochthony (mean ± 95% credibility internals) across depth for S1 (white), S3 (gray), and S4 (black) in May, June, July, and August. only in August (Table S7) . Zooplankton allochthony was generally higher at all stations in May (28.3-33.1%) than in the other sampling months (1.8-10.1%) but was similar among stations within each sampling date (Figure 3 ; Table S3 ).
For the most common benthic taxa (Marenzellaria, Macoma, and chironomids), allochthony was highly variable among sampling dates, sampling stations, and depths (Figure 3, 4 ; Table S3, S4). Allochthony was highest at S1 in May (51.6%) and also high at S1 and S2 in August (38.4 and 39.3%, respectively) and lowest in June at S3 and S4 (7.8 and 4.0%, respectively; Table S3 ). Generally, the contribution of allochthonous OM was lower at S4 than at S1, although the mean difference was small in July (Figure 3 ; Table S3 ). Last, allochthony was higher at 10 m depth than at 1 m depth in July and August, whereas there was no apparent difference in allochthony among depths at the beginning of the sampling (Figure 4 ; Table S4 ).
DISCUSSION
Carbon loadings from rivers to marine environments in the Northern Hemisphere are expected to increase in the future (Freeman and others 2001; Tranvik and Jansson 2002) and may have pronounced impacts on coastal ecosystems. Here, we demonstrated that the contribution of allochthonous OM differed largely between benthic and pelagic consumers with zoobenthos generally relying to a larger extent on allochthonous OM than zooplankton. We further illustrated that the contribution of allochthonous OM varied spatially and temporarily. Our study highlights that allochthonous OM is incorporated into coastal food webs; however, its contribution to consumer biomass differs between habitats and consumers.
In coastal and estuarine ecosystems, the major available resources to consumers comprise of phytoplankton, benthic microalgae, and detritus that may originate from terrestrial, freshwater, or marine sources (Bode and others 2011). We demonstrated that allochthonous OM supported zoobenthos, whereas its contribution to zooplankton was generally low. This was in line with our first hypothesis and might be explained by differences in mechanisms of how allochthonous OM is incorporated into benthic and pelagic food webs. The major pathway of allochthonous OM entering pelagic food webs is likely through the microbial food web (Jansson and others 2007 others 2004). The transfer from heterotrophic bacteria to metazoans requires additional trophic levels before it reaches zooplankton and results in large carbon losses through respiration (Jansson and others 2007) . In contrast, although allochthonous OM also supports benthic heterotrophic bacteria (Ask and others 2009), the incorporation of allochthonous OM into benthic food webs is likely more direct via use of particles and aggregates of allochthonous OM that form and settle at the sediment surface in the estuary (Sholkovitz 1976) . Studies from the southern Baltic Sea showed that as much as 40-70% of the bulk sediment is of terrestrial origin (for example, Szczepanska and others 2012). The allochthonous OM in the sediment can provide a substrate for benthic animals (Fockedey and Mees 1999) and can support benthic metabolism (Hopkinson and Vallino 1995) . Thus, high availability of allochthonous OM in sediments and direct consumption likely explain higher allochthony in zoobenthos compared to zooplankton.
Other reasons for low allochthony in zooplankton might be that heterotrophic bacterial production was not stimulated by allochthonous OM and/ or that phytoplankton production was simply sufficient to support zooplankton growth. Although several studies demonstrated that bacterial production can be stimulated by allochthonous OM (Albright 1983; Chin-Leo and Benner 1992; McCallister and others 2004) , it has also been argued that much of the OM is a relatively poor substrate for bacterial growth (Meybeck 1982; Ittekkot 1988) . For our study system, Wikner and others (1999) demonstrated that bioavailability of dissolved organic carbon in the estuary ranged between undetectable values and 20% over an approximately two-year period with higher bioavailability during spring floods than intermediate periods. However, bacterial growth efficiency was relatively low, suggesting that much of the bioavailable carbon was used for respiration (Wikner and others 1999). Autochthonous OM provides a more readily available substrate for bacteria (Maranger and others 2005) and is likely a major contributor to bacterioplankton production. Allochthonous OM may be important during times of low autochthonous production and high availability of allochthonous OM for pelagic food webs, as for instance during spring flood events (Wikner and others 1999; Figueroa and others 2016) . With sufficient autochthonous production, however, allochthonous OM likely plays only a minor role for zooplankton.
Whereas some studies indicated high reliance of benthic consumers on terrestrial matter (Lautenschlager and others 2014; Careddu and others 2015), others showed that marine benthic consumers utilized benthic microalgae despite high availability of allochthonous OM (Antonio and others 2010). In our study, variation in allochthony was high among benthic taxonomic groups. The two amphipods showed low utilization of allochthonous OM (1.6% for Monoporeia and 6.9% for Corophium) and preferably fed on autochthonous resources. Reliance on allochthonous OM of other benthic taxa varied substantially (10-62%), indicating that allochthonous OM was at least an alternative resource for some taxa. Interestingly, the predatory isopod Saduria relied to a large extent on allochthonous OM (62%). This is surprising as a previous study has identified Monoporeia as the major prey item of Saduria (Englund and Leonardsson 2008) ; however, this study used data for the period between 1983 and 2002. In 2000, Monoporeia densities crashed, whereas at the same time, Marenzellaria densities increased substantially, and Saduria densities declined somewhat Bold values indicate statistical significance P < 0.05 in our study area ( Figure S3 ), suggesting that trophic interactions within the benthic food web might have rearranged in recent years. It is beyond our study to speculate about this, and we urge future studies to investigate how changes in species abundance have affected benthic food web dynamics in the Baltic Sea. Regardless, the high allochthony in Saduria highlights that allochthonous OM is transferred to higher trophic levels in benthic food webs.
In our second hypothesis, we assumed that allochthony would decline with increasing distance from the river as the influence of river-transported allochthonous OM decreases. Instead, allochthony was only consistently higher at the station closest to the river mouth (S1) than at the one without significant freshwater input (S4) but only for zoobenthos, not for zooplankton. Average summer primary production in benthic and pelagic habitats has been estimated to 133 and 136 mg C m -2 day -1 , respectively, in the Ö re estuary (Ask and others 2016) . Assuming that river-derived allochthonous OM spreads over the entire Ö re estuary, the areal allochthonous carbon loading during summer would equal approximately 1128 mg C m -2 day -1 , which is more than four times higher than the combined (benthic and pelagic) autochthonous production. Much of the riverine allochthonous OM entering the estuary is flocculated close to the river mouth (Forsgren and others 1996; Asmala and others 2014) , resulting in higher availability of allochthonous OM close to the river mouth than further out in the estuary. This explains the general high allochthony in zoobenthos with particularly high values closest to the river mouth. Additionally, zoobenthos allochthony was higher at deep than at shallow stations toward the end of the sampling period, in July and August. Although Ask and others (2016) showed that light was generally sufficient for benthic primary production down to 10 m depth in our study area, they showed a decline with increasing depth, suggesting that allochthonous OM might be more important for zoobenthos when autochthonous sources become limited. In contrast, zooplankton allochthony did not vary spatially. River plumes are very dynamic systems and vary substantially in time and space (Broche and others 1998; Devlin and Schaffelke 2009) , and thus, the supply of allochthonous OM along the plume is highly variable (Yamashita and others 2011) , especially to the water column. This, combined with a rather small concentration gradient of DOC along the transect and overall low allochthony, likely explains why we did not find any spatial variation in zooplankton allochthony.
Allochthony was, as hypothesized, highest at the beginning of the year. For zoobenthos and zooplankton, allochthony was highest in May. High flood periods typically occur in April and May in the Ö re River (Brydsten and Jansson 1989) , and our first sampling coincided with the highest peak in water discharge ( Figure 1C) . The high allochthony of zooplankton might reflect elevated supply of allochthonous versus autochthonous OM and high incorporation of allochthonous OM via bacterioplankton during the high-water discharge period (Wikner and others 1999) , whereas high allochthony in zoobenthos already in May suggests high reliance on allochthonous OM over the winter, as turnover rates of 2 H are likely higher for zooplankton than zoobenthos. For zooplankton, the contribution of allochthonous OM was negligible during the other sampling months, demonstrating that autochthonous production is much more important for fueling the pelagic food web. In contrast, the contribution of allochthonous OM to zoobenthos was also high in August, highlighting the importance of allochthonous OM as a resource for zoobenthos in shallow coastal areas. Zoobenthos allochthony was low in June and July, potentially due to either higher availability of benthic primary production through the onset of spring or increased availability of autochthonous detritus settling from the pelagic.
Reliance on allochthonous resources was low for all sticklebacks but high for perch; thus, our hypothesis was only partly confirmed. Perch is an omnivorous predator that generally feeds on zooplankton, macroinvertebrates, and fish. Allochthony in perch was on average 66%, suggesting that perch likely fed to a large extent on zoobenthos. Perch has been demonstrated to derive large proportion of its biomass from littoral habitats in lake ecosystems (Bartels and others 2016) , and our results highlight the importance of littoral habitats for perch in shallow coastal ecosystems. In contrast, 3-spined sticklebacks spend large parts of their life cycle in offshore areas and only migrate to coastal areas to spawn (Borg 1985) ; thus, we expected low allochthony in this species. However, 9-spined sticklebacks likely spend long time periods close to shore and rely to a larger extent on benthic resources than 3-spined sticklebacks, and it is thus surprising that we found similar contribution of allochthonous OM to both species. One explanation is that 9-spined sticklebacks selectively fed on zoobenthos that rely to a larger extent on autochthonous OM, for instance on Monoporeia. Moreover, feeding habitats might differ from areas where we caught the fish, and 9-spined stickle-backs might consume prey in habitats that were not affected by allochthonous OM.
Sources of Caveat
As the application of 2 H to food web studies has been developed rather recently, the contribution of dietary water to consumer H still represents a source of high uncertainty (Solomon and others 2009). As Wilkinson and others (2015) demonstrated, x ranged between 0.06 and 0.39 and varied between different taxa. In our study, the probability distributions for allochthonous and autochthonous contributions resulting from the mixing model were highly skewed toward the autochthonous end-member for zooplankton and amphipods. For zooplankton, x < 0.13 resulted in precise probability distributions ( Figure S4 ). However, for the two amphipods, only very small x (x < 0.02 and x < 0.07 for Monoporeia and Corophium, respectively) resulted in precise solutions. Large values for x resulted in skewed probability distributions for almost all consumers ( Figure S4 ). Future studies should continue investigating the contribution of dietary water to consumer H to improve the application of 2 H in food web studies. We used published estimates of leaf litter as the allochthonous end-member and our own periphyton data as the autochthonous end-member. Although terrestrial vegetation constitutes part of the bulk allochthonous OM, it might not reflect the available allochthonous OM pool for aquatic consumers or the potential range of isotope signatures of allochthonous OM that enters our study system. Thus, we might have over-or underestimated allochthony. Furthermore, the utilization of periphyton as an end-member is likely inappropriate for some consumers such as zooplankton and amphipods, as they consume phytoplankton and phytoplankton detritus rather than periphyton. Our estimates of periphyton d 2 H were within the range of previously calculated signatures of phytoplankton (Wilkinson and others 2015) ; however, the d 15 N likely differs between phytoplankton and periphyton. This might explain why the model did not perform well for groups that rely to a large extent on pelagic resources. Furthermore, the difference in d
15 N between the end-members and predators (Saduria and fish) was quite large. Trophic fractionation of 15 N can be highly variable, and some studies suggest a mean fractionation up to 3-3.4& per trophic level (Post 2002; Vanderklift and Ponsard 2003) . However, applying different fractionation factors did not affect allochthony in our study. Another potential source of uncertainty is the d 15 N of the end-members, in particular the allochthonous end-member, as d 15 N is also highly variable in soils and plant material (Hö gberg 1997) .
The absolute values for allochthony should be interpreted with caution. But as the major objective of this study was to compare relative differences in allochthony, we strongly believe that our main conclusions are valid despite of uncertainties in x and end-member selection.
CONCLUSIONS
Inputs of allochthonous OM to aquatic ecosystems are predicted to increase in the future. Despite of an increasing understanding of these allochthonous ''subsidies'' for freshwater systems, we still lack a comparable knowledge for marine ecosystems. Our study illustrates that consumers can track the availability of allochthonous OM as is highlighted by differences in contribution in space and time. However, the extent that allochthonous OM contributed to consumer biomass differed between benthic and pelagic habitats. Overall, zoobenthos relied more on allochthonous OM than zooplankton. This discrepancy is likely explained by the different mechanisms how allochthonous OM enters the food webs. The differences in allochthony suggest that increasing inputs of allochthonous OM, as predicted by climate change scenarios, might affect benthic and pelagic food webs in very different ways. Rising inputs of allochthonous OM have been suggested to limit phytoplankton production in coastal areas and promote bacterial production (Wikner and Andersson 2012) , resulting in lower zooplankton and potentially fish biomass (Andersson and others 2015) . In contrast, zoobenthos will likely be less affected by increasing allochthonous OM concentrations as they can directly utilize allochthonous OM as an alternative resource. Thus, production in benthic and pelagic habitats might be affected differently with potential consequences for habitat coupling by higher trophic levels. 
